(19) AUSTRALIAN PATENT OFFICE

(11) Application No. AlJ 2004286209 B2

(54)

(51)8

Title

Method and system for monitoring fluid flow

International Patent Classification(s)

GO1F 1/66 (2006.01) Z20060101ALI2008120
GO1B 1700 (2006.01)4BHAU GO1F
GO1F 1,00 (2006.01) 1/00

GO6F 1900 (ZDUG.DI) 20060101ALTI2007022

GO1F 1766 4BMEP GO6F

20060101AF12008120 1900

4BHAU G¢01B 20060101ALI2007022

17700 4BMEP
PCT/US2004-034584

Application No: 2004286209

WIPO No:  wops.042984

(22) Application Date:  5pp4 10 19

Priority Data

Number (32) Date (33) Country
60,512,649 2003 .10 .20 us
10,967,737 2004 .10 .18 us
Publication Date : 2005 05 12

Applicant(s)

Genscape Intangible Holding, Inc.

Inventor(s)

Alphenaar, Deirdre, Lapinski, Sterling, Hill, John Carroll
Agent/Attorney

Fisher Adams Kelly, 29-12 Creek Street, Brisbane, QLD, 4000

Related Art

GB 2082324
Us 5741980
UsS 5571974
US 5941305




~
<
<+
&
&
8
<+
e
S~
v
S
S
S

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATE

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
12 May 2005 (12.05.2005)

T COOPERATION TREATY (PCT)

LT

(10) International Publication Number

WO 2005/042984 A2

(51) International Patent Classification”:

F15C

(21) International Application Number:
PCT/US2004/034584
(22) International Filing Date: 19 Oclober 2004 (19.10.2004)
(25) Filing Language: English
(26) Publication Language: Dnglish
(30) Priority Data:
60/512,649
10/967,737

20 October 2003 (20.10.2003)
18 October 2004 (18.10.2004)

us
Us

(71) Applicant (for all designated Siaies except US): GEN-
SCAPE, INC. [US/US]; 124 East Main Street, Suite 200,
Louisville, KY 40202 (US).

(72) Inventors; and

(75) Inventors/Applicants (for U/S only): LAPINSKI, Ster-
ling [US/US]; 3018 Lightheart Road, Louisville, KY 40222
(US). HILL, John, Carroll JUS/US|; 134 Rosswoods
Drive, Pewee Valley, KY 40056 (US). ALPHENAAR,
Deirdre [[E/US]; 604 Jarvis Lane, Louisville, KY 40207
(US).

(74) Agent: NAGLE, David, W., Jr.; Stites & Ilarbison, Suite
1800, 400 West Markel Streel, Louisville, KY 40202 (US).

(81) Designated States (unless otherwise indicated, for every
kind of natinnal protection available): AT, AG, AT, AM,
AT, AU, AZ, BA, BB, BG, BR, BW. BY, BZ, CA, CII, CN,
CO, CR, CU, CZ, DL, DK, DM, DZ, EC, EL, &G, TS, I,
GR, GD, GT, GH, GM, HR, HIT, D, TT,, TN, 1S, TP, KTi,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RTJ, SC, 8D, ST, SG, SK, ST, SY, TT, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

(84)

Designated States (unless otherwise indicated, Jor every
kind of regional protection available): ARIPO (BW, GH,
GM, KL, LS, MW, MZ, NA, 8D, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, 1), TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, K1,
FR, GB, GR, IIU, IE, IT, LU, MC, NL, PL, PT. RO, SE, SI,
SK, TR), OAPL (BE, Bl, CFK. CG, CL, CM, GA, GN, GQ.
GW, ML, MR, NE, SN, TD, 'I'G).

Published:
—  withvut international seurch report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazete.

(54) Title: METHOD AND SYSTEM FOR MONITORING FLUID FLOW

10A—__

106B

10C 12B |

|
12C

(57) Abstract: A method and system for monitoring fluid flow, such as fluid flow through pipelines or similar conduits for delivering
natural gas, crude oil, and other similar liquid or gas energy commadirics, relies on the measurement of acoustic waves generated by
the fluid, thus allowing for monitoring of the flow rate without dircct access to the fluid. Turthermore. the method and system allows
for estimation of the operational dynamics of components or facilitics of the production, transportation, storage, and distribution

systems for the energy commadities.
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METHOD AND SYSTEM FOR MONITORING FLUID FLOW

CROSS-REFERENCE TO RELATED APPLICATIONS
The present application claims priority to U.S. Provisional Application Serial No.
60/512,649 filed October 20, 2003, the entire disclosure of which is incorporated hercin by

reference.

BACKGROUND OF THE INVENTION
The present invention relates to a method and system for monitoring fluid flow, such as

{luid flow through pipelines or similar conduils for delivering natural gas, crude oil, and other

. liquid or gas energy commodities. The method and system relies on the measurement of acoustic

waves generated by the fluid, thus allowing for monitoring of the flow rate without direct access
to the fluid.

Natural gas, crude oil; and other similar liquid or gas energy commodities comprise a
multi-billion dollar economic market. These commodities are bought and sold by many parties,

and as with any traded market, information about the traded commodities is very valuable to
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market participants. Speciﬁcally, the operations of the various components and facilities of the
production, transportation, storage, and distribution systems for each of these commodities can
have significant impacts on the price and availability of these commodities, making information
about said operations valuable. Ifurthermore, such information generally is not disclosed
publicly by the various component owners or operators, and access to said information is
therefore limited.

It would therefore be desirable to provide a method and system for monitoring fluid flow
through pipelines or similar conduits for delivering natural gas, crude oil, and other similar liquid
or gas energy commodities, such that information about such commodities can be accumulated

and communicated to market participants and other interested parties.

SUMMARY OF THE INVENTION

The present invention is a method and system for monitoring fluid flow, such as fluid
flow through pipelines or similar conduits for delivering natural gas, crude oil, and other similar
liguid or gas energy commodities. The method and system relies on the measurement of acoustic
waves generated by the fluid from a location external to the conduit in which the fluid is flowing,
thus allowing for monitoring of the flow rate without direct access to the fluid. Furthermore, the
method and system of the present invention allows for estimation of the operational dynamics of
components or facilities of the production, transportation, storage, and distribution systems for
the energy commuodities.

A general property of fluids (whether compressible or incompressible) flowing through
pipes or similar conduits is that they produce acéustic waves, 1.¢., sound or vibration. The sound

produced by the flow of natural gas or other energy commodity can be characterized by its
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amplitude and frequency. In this regard, the amplitude and frequency are generally directly
related to the velocity of the fluid through the conduit, and thus the flow rate of the fluid.
Therefore, a sound transducer or similar sensor can be positioned to detect the acoustic waves
emanating from a particular conduit caused b§; flnid flow through that conduit, and by recording
and analyzing the acoustic waves, the flow rate through the conduit can be estimated. In this
regard, the flow rate is commonly expressed as a volumetric flow rate, i.e., characterized as the
volume of fluid passing by a designated point over a predetermined time period.

One or more sound transducers are positioned in proximity to a pipeline such that
acoustic waves can be reliably detected. Each sound transducer detects the amplitude and/or
frequency of the acoustic waves generated by the gas flow through the pipeline and generates a
signal represenlalive of that measurement. The signal generated by each sound transducer is
transmitted to an above-ground monitoring device in general proximity to the sound transducers
and the monitored pipeline. The monitoring device houses the various electronic equipment
necessary to process the signals from the sound transducers and transmit collected datato a
central processing facility. Specifically, the monitoring device is programmed such that it
petiodically or continuously collects data from the sound transducers, processes that data into a
form suitable for transmission, and transmits the data to a remote central processing facility.

Al the central processing facility, a computational analysis is performed by a digital
computer program to determine the flow rate of the fluid through the monitored pipeline.
Furthermore, for any particular facility or other component of the production, transportation,
storage, and/or distribution system for which all, or most of, the connected pipelines are
monitored in accordance with the present invention, through a simple summing of the volumetric

flow rates on each pipeline, the output or production of the facility can be determincd. Then,
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information associated with the production or output of one or more facilities or components can
then be communicated to third parties. This information may include not only the measured
flow rates or output estimates, but also historical data, capacity cstimates, or similar data that
places the measured flow rates or output estimates in context for market participants and other
interested parties. It is contemplated and preferred that such communication to third parties be
through export of the data to an access-controlled Internet web site, which end users can access

through a common Internet browser program.

DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic representation of a natural gas system;

Figure 2 is a schematic representation of an exernplary implementation of the method and
system of the present invention,

Figure 3 is a perspective view of an exemplary monitoring device made in accordance
with the present invention;

Figure 4 is a functional block diagram of the sound transducers and the monitoring device

in an exemplary implementation of the method and system of the present invention;

Figure 5 is a functional block diagram of the commumication components and the central

processing facility in an exemplary implementation of the method and system of the present

invention;

Figure 6 illustrates the moniloring of a storage facility to which three pipelines are

connected in accordance with the method and system of the present invention;
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Figure 7 is a graph illustrating the measured signal amplitudes from a sound transducer
positioned adjacent a particular conduit for a defined time period, such that a best fit equation
can be developed for subsequent measurements of flow rate through this particular conduit; and
Figure 8 is a graph illustrating the measured signal amplitudes from a sound transducer
positioned adjacent another particular conduit for a defined time period, such that a best fit
equation can be developed for subsequent measurements of flow rate through this particular

conduit.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is 2 method and system for monitoring fluid flow, such as fluid
flow through pipelines or similar conduits for delivering natural gas, crude oil, and other similar
liquid or gas energy commodities. The method and system relies on the measurement of acoustic
waves generated by the fluid from a location external to the conduit in which the fluid is flowing,
thus allowing for monitoring of the flow rate without direct access to the fluid. Furthermore, the
method and system of the present invention allows for estimation of the production or output of
components or facilities of the production, transportation, storage, and distribution systems for
the energy commodities. For purposes of the present application, the production, output, and/or
other measure of the flow of an energy commodity through or relative to a component or facility
may be referred to as the “operational dynamics” of that component or facility.

To accomplish this, it is first important to recognize that the production, transportation,
storage and distribution of liquid or gas energy commodities occurs most often through networks
of pipelines. These pipclines connect various system components, such as production wells;

storage facilities of various types, and distribution networks comprised of ever-smaller pipelines.
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For example, with respect to the natural gas industry and as illustrated in Figure 1, natural
gas is located and collected by production companies from geographically dispersed wells,
which are generally indicated by reference numerals 10A, 10B, and 10C in Figure 1. The natural
gas collected from these wells is defivered through a network of pipelines (or si]rvlilar conduits)
124, 12B, 12C to a primary trunk line 14. From such a trunk line 14, 'the natural gas is delivered
to storage facilities 16, which are typically depleted natural gas fields, salt domes, or similar
underground structures; and/or to local distribution comparies 18, which in turn, sell and deliver
the natural gas to industrial, commercial, and }'esidential end users for ultimate consumption.

In any event, a general property of fluids flowing through pipes or similar conduits is that
they produce acpustic waves, i.e., sound or vibration. The sound prsduced by the flow of natural
gas or other cnergy commodity can be characterized by its amplitude and frequency. In this
regard, the amplitude and ﬁequencyv are generally directly related to the velocity of the flow, and
thus the flow rate of the fluid. Furthermore, for compressible fluids, the amplitude and
frequency are also generally directly related to the density of the fluid, and thus the volumetric
flow rate of the fluid. Therefore, a sound transducet or similar sensor can be positioned to detect
the acoustic wa§es emanating from a particular conduit caused by fluid flow through that
conduit. By recording and analyzing the acoustic waves, the flow rate through the conduit can
be estimated. As mentioned above, the flow rate is commonly expressed as a volumetric flow
rate, i.e., characterized as the volume of fluid passing by a designated point over a predetermined
time period.

Figure 2 is a schematic representation of an exemplary implementation of the method and
system of the present invention. In this example, an underground pipeline 32 is monitored.

'

Accordingly, one or more sound transducers 34a, 34b...34n (also referred to as acoustic sensors
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or gas sensors) are positioned in proximity to the pipeline 32, that is, in physical contact with the
pipeline 32 or sufficiently close to said pipeline 32 such that acoustic waves can be reliably
de-:tected. In this regard, multiple sensors are often preferable to provide multiple measurements
at locations along the pipeline 32, which can then be averaged to reduce error. Itis contemplated
that various commercially available transducers or sensots could be used to achieve the
objectives of the present invention. For example, one preferred sound transducer suitable for the
purposes of the present invention is a seismic, high-sensitivity accelerometer manufactured and
distributed by PCB Piezotronics, Inc. of Depew, New York as Model No. 393B12.

As mentioned above, the sound transducers 34a, 34b...34n are positioned in contact with
the pipeline 32 or sufficiently close to said pipeline 32 such that acoustic waves can be reliably
detected. For example, many commercially available transducers supply mounting magnets far
direct attachment of the transducers to a pipeline or similar conduit. Alternatively, when no such
magnet is provided, each sound transducer 34a, 34b...34n may be mounted to the pipeline 32 by
attaching a substantially flat magnet to the transducer using an adhesive material, with the
magnet then being used to secure the sound transducer 34a, 34b...34n to the pipeline 32. In this
Tegard, each sound transducer 34a, 34b...34n could be provided with a curved magnet that better
matches the contour of the pipeline to which it is secured. Furthermore, varioué adhesives could
be used to secure each sound transducer 34a, 34b...34n directly to the pipeline 32. Finally, in
circumstances where physical access to the pipeline 32 is not possible or is impractical, the
sound transducers 34a, 34b...34n may be mounted on a bracket or similar frame that maintains
the position of the sound transducers 34a, 34b...34n relative to the pipeline 32 without

necessarily contacting the pipeline 32.
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In any event, in this example, each sound transducer 34 detects the amplitude of the
acoustic waves generated by the gas flow through the pipeline 32 and generates a signal
representative of that amplitude. The signal generated by each sound transducer 34a, 34b.. .34n
is transmittcd via an appropriate cable 36a, 36b...36n to an above-ground monitoring device 30,
which is preferably “local” in that it is located in general proximity to the sound transducers 34a,
34b...34n and the pipeline 32. As illusirated in Figure 3, an exemplary monitoring device 30
includes a substantially weatherproof enclosure 31 that is secured to a post and houses the
various electronic equipment necessary to process the signals from the sound transducers 34a,
34b...34n and to transmit collected data to a central processing facility, as is further described
below.

Figure 4 is a functional block diagram of the sound transducers 34a, 34b...34n and the
monitoring device 30. As shown, the monitoring device 30 is programmed such that it
periodically or continuously collects data from the sound transducers 34a, 34b...34n, processes
that data into a form suitable for transmission, and transmits the data to a remote central
processing facility where various computational analyses are performed on the data to determine
the flow rate of natural gas or other energy commodity through the monitored pipeline.

Specifically, the output voltage of the first sound transducer 34a is applied to a
amplification and filtration circuit 402, which has a dual function. One function of the
amplification and filtration circuit 40a is to amplify the relatively small output voltage of the
sound transducer 34a to a level that will be suitable as an input to an analog-to-digital converter.
The secondary function of the circuit 40a is to serve as a filter, removing extraneous noise from
the output voltage of each sound transducer 34a. Similarly, the output veltage of the second

sound transducer 34D is applied to another amplification and filtration circuit 40b to amplify the

-10-
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voltage and remove extraneous noise, and so on. The specific design of the amplification and
filtration circuits 40a, 40b...40n is immaterial, and various amplification and filtration circuits
could be designed to achieve the dual objectives of amplifying the voltage and removing
ext@eous noise by one of ordinary skill in the art.

After the amplification and filtration of the respective signals, the output voltages are
then applied to the inputs of an analog multiplexer (MUX) 42. Furthermore, although not shown
in Figure 4, it may be advisable to apply the output voltages of the respective amplification and
filtration circuits 40a, 40b...40n to the inputs of respective sample-and-hold amplifiers before
such output voltages are applied to the MUX 42 in order to avoid lime-skew in the subsequent
conversion of these signals from analog to digital form. Sample-and-hold amplifiers are
generally known in the art, and any conventional means for performing the sample-and-hold-
function maybe incorporated into the present invention as contemplated herein.

From the MUX 42, the signals are separately passed through an analog-to-digital (A/D)
converter 44. Which of the multiple signals is passed\through to the analog-to-digital converter
44 at'any given time is determined by a control logic associated with 2 microprocessor 50. The
converted data, representative of the amplitude of the measured acoustic waves and now in
digital form, is stored in memory associated with the microprocessor 50. The outputted signal
from the microprocessor 50 is then transmitted to one or both of a radio frequeﬁcy (RF)
transceiver 58 with associated transmission antenna 60 (which is also shown in Figure 3) and a
landline network 62 for subsequent transmission of the signal to a central processing facility.

Finally, the individual electronic components of the monitoring device 30 are preferably
powered by a battery 70 that may be continuously recharged by a solar panel array 72 (which is

also shown in Figure 3).

11-
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Figure 5 is a functional block diagram of the communication components and the central
processing facility in this exemplary implementation of the method and system of the present
invention. These components are not installed in the field with the monitoring device 30, but
rather are located at some remote location. Specifically, the outputted data from the
microprocessor 50 depicted in Figure 3 is transmitted to the central processing facility via one or
both of a radio frequency (RF) iransceiver 58 with associated transmission antenna 60 and a
landline network 62. A receiving antenna 100 or similar communication componcnt, which is in
range of one or more monitoring devices 30 in the field, receives this data, which is
representative of the acoustic measurements. The receiving antenna 100 is operably conmected
to an analog or digital communications network 102 which transmits the signal to the central
processing facility 110. Such transmission may be carried out, for example, by a satellite link
104, a microwave link 106, and/or a fiber optic link 108, although other data transmission means
may certainly be used without departing from the spirit and scope of the present invention.

At the central processing facility 110, a computational analysis, as will be described in
detail below, is performed by a digital computer program 112 to determine the flow rate of the
gas (or similar fluid) through the pipeline 32. Furthermore, for any particular natural gas facility
or other component of the production, transportation, storage, and/or distribution system for
which all, or most of, the connected pipelines are monitored in accordance with the present
invention, through a simple summing of the flow rates on each pipcline, the natural gas
production of the facility can be determined. Then, information associated with the production
or output of one or more facilities or components can then be communicated to third parties.,
This information may include not only the measurcd flow rates or output estimates, but also

historical data, capacity estimates, or similar data that places the measured flow rates or output

-12-
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estimates in context for market participants and other interested parties. It is contemplated and
preferred that such communication to third parties be through export of the data to an access-
controlled Internet web site 114, which end users can access through a common Internet browser
program 116, such as Microsoft Internet Explorer®. Of course, communication of information
and data to t’hird parties may also be accomplished through a wide variety of other known
communications media without departing from the spirit and scope of the present invention.

As an additional refinement, the communications channel from the microprocessor 50 of
the local monitoring device 30 to the central processing facility 110 may be bi-directional so that
the information maintained and stored in the mictoprocessor 50 may be sent out on a scheduled
basis or may be polled. Furthermore, throngh bi-directional conmumunications, the microprocessor
50 is remotely re-programmable.

With respect to the computational analysis mentioned above, the relationship of the
measured acoustic waves through a conduit to the flow rate is somewhat mathematically
complex because the acoustic waves may result not only from fluid flow, but also from the
interaction of the fluid with mechanical components of the pipeline, including compressors, gas
flow meters, flow and pressure regulators, control valves and/or similar equipment connected to
and/or external to the pipeline. However, in circumstances where the interaction of such
components or equipment is independent of changing conditions in the fluid itself, the amplitude
of the acoustic waves generally increases with increases in the flow rate. For further details and
discussion of the sources of noise and the levels of noise produced in gas pipelines, reference is
made to Nelson, D.A.; aud Cooper, B.A.: Reduced-Noise Gas Flow Design Guide for NASA

Glenn Research Center, Proceedings of InterNoise 99, the International Congress on Noise

11
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Control Engineering. Institute of Noise Control Engineering (Washington, DC, 1999), a
publication which is incorporated herein by reference.

Accordingly, by selecting an appropriate location along a pipeline, a location where
interaction of the fluid with other coﬁlponems or equipment is minimal, through comparison of
measured acoustic waves to known flow rates, a mathematical relationship suitable for prediction
of flow rate can be developed.

For example, Figure 7 is a graph illustrating the measured signal amplitudes from a sound
transducer positioned éldj acent a particular conduit for more than a 105-hour time pe;'iod. During
this time period, the actual gas flow was also monitored. Applying a linear fegression analysis to
this data set, a mathematical reiationship was developed, specifically:

Estimated Flow (Mcfh) =[ K (Signal Amplitude) + C] * 1000 (1)

where Moth refers to thousand cubic feet per hour, and

where K=1.6159 and C=0.5158/

Of course, this mathematical relationship is somewhat unique to the particular
conduit. Indeed, the size of the conduit, the characteristics of the specific sound transducers, and
environmental conditions may all have an effect on the relationship between measured acoustic
waves and flow rate.

For another example, Figure 8 is a graph illustrating the measured amplitudes from a
sound transducer positioned adjacent another conduit for 2 180-hour time period. Again, during
this time period, the actual gas flow was also monitored. Applying a linear regression analysis to
this data set, a mathematical relationship was developed, specifically:

Estimated Flow (mcfh) = K (Signal Amplitucle)C 2)

where K=2100 and C=0.30

12
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“This mathematical relationship is also unique to the particular conduit and environmental
conditions. Nonetheless, by developing “best fit” equations for various conduits in various
setfings, as the above examples demonstrate, when a new conduit is to be monitored, an
appropriate equation can be selected based on the size of the conduit, cnvironmental conditions,
etc. Furthermore, through data accumulation and analysis, it is expected that additional
correlations may be deduced, such as the relationship of the constants K and C to: (1) certain
identifiable characteristics of the conduit, such as internal diameter of the conduit and wall
thickness of the conduit; (2) characteristics of the fluid, such as temperature, pressure, velocity,
etc.; and (3) characteristics associated with different types of nearby mechanical noise sources,
such as compressors and control valves. In his regard, for estimates of noise resulting from
many such characteristics, reference is again made to Nelson, D.A.; and Cooper, B.A.: Reduced-
Noise Gas Flow Design Guide for NASA Glerm Research Center, Proceedings of TnterNoise 99,
the International Congress on Noise Control Engineering. Institute of Noise Control Engineering
(Washington, DC, 1999), a publication which has been incorporated herein by reference.

In any event, once the appropriate mathematical relationship has been developed, a
particular conduit can be monitored in substantially real-time. Once the digitized data associated
with the monitoring of that particular conduit is received at the central processing facility, the
necessary computational analysis is carried out, preferably by a digital computer program, to
determine the flow rate of the gas (or similar fluid) through the conduit.

As mentioned above, through such computations, the method and system of the present
invention allows for estimation of the operational dynamics of components or facilities of the
production, transportation, storage, and distribution systems for the energy commodities. For

example, in the natural gas industry, storage facilities receive and store gas collected by

13

-15-




20

WO 2005/042984 PCT/US2004/034584

production companies during periods of lower usagc (i.¢., the summer months) and then
distribute stored gas to local distribution companies during periods of high usage (i.e., the winter
months), as generally described above with reference to Figure 1. Of course, gas is transported
into and out of such storage facilities through a number of pipelines. Through an estimation of
the amount of gas flowing through cach pipeline as described above, coupled with a knowledge
of the direction of flow through each pipeline, through a simple summing of the flow rates on
each pipeline, the net injection or withdrawal of gas for a particular storage facility can be
determined. Then, as also described above, this estimgte can be communicated to third parties
through an acecss-controlied Internet web site or otherwise.

Figure 7 illustrates such an estimate of the output of a storage facility 16 to which three
pipelines 32, 132, 232 are connected. Each such pipeline 32, 132, 232 is monitored by a package
of one or more sound transducers 34, 134, 234 and associated monitoring devices 30, 130, 230.
Data collected and processed by each monitoring device 30, 130, 230 is transmitted via a satellite
link 104 to a central processing facility 110, where, through a simple summing of the computed
flow rates on each pipeline 32, 132, 232, the net injection or withdrawal of gas for the storage
facility 16 can be determined.

With respect to the direction of flow through each pipeline associated with a facility,
various techniques can be used to deduce the difection of flow. For example, pipeline networks
at storage facilities includes similar mechanical components and structures, with the function of
these components and structures often being dependent on the direction of flow through the
pipeline. Accordingly, an evaluation of the physical layout of the pipeline networks may provide
some indication of the direction of flow. Furthermore, an analysis of the measured acoustic

waves may provide an indication of the direction of flow in that certain mechanical components

14
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may be activated when gas flow is in a certain direction (e.g., a compressor for injection of gas
into the storage facility). For another example, the knowledge of the seasonal operation of the
storage facility, as mentioned above, may be used to deduce the direction of flow. Regardless of
the technique used, the net injection or withdrawal of gas for a particular storage facility can thus
be determined.

One of ordinary skill in the art will recognize that additional embodiments and/or
implementations are possible without departing from the teachings of the present invention or the
scope of the claims which follow. This detailed description, and particularly the specific details
of the exemplary implementation disclosed therein, is given primarily for clarity of
understanding, and no unnecessary limitations are to be understood therefrom, for modifications
will become obvious to those skilled in the art upon reading this disclosure and may be made

without departing from the spirit or scope of the claimed invention.
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CLAIMS
What is claimed is:

1. A method for providing information relating to fluid flow rate through a
conduit to a remote third party, comprising the steps of:

positioning one or more sound transducers in proximity to and
external to said conduit, each said sound transducer generating a signal
representative of acoustic waves generated by the fluid flow through said
conduit;

collecting said signals from said one or more sound transducers on a
substantially continuous basis;

processing said signals to determine the flow rate through the conduit;
and

communicating information relating to the flow rate to said remote
third party.

2. The method as recited in claim 1, in which signals generated by said
one or more sound transducers are received and collected by a local
monitoring device and then transmitted from the local monitoring device to a
remote central processing facility for processing said signals to determine the

flow rate through the conduit.

3. The method as recited in claim 1, in which said one or more sound

transducers are near, but not in physical contact with, said conduit.

4. The method as recited in claim 1, in which communicating information
relating to the flow rate to said remote third party is accomplished through
export of such information to an Internet web site accessible by said third

party.

5. A method for monitoring fluid flow through a conduit and
communicating a flow rate to a third party, comprising the steps of:

positioning one or more sound transducers in proximity to and
16
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external to said conduit, each said sound transducer generating a signal
representative of a measured amplitude of acoustic waves generated by the
fluid flow through said conduit;

receiving such acoustic signals and processing the signals into
digitized data representative of the measured amplitude on a substantially
continuous basis;

performing a computational analysis on the digitized data to determine
the flow rate through said conduit based on the measured amplitude; and

communicating the flow rate to said third party.

6. The method as recited in claim 5, wherein the receiving and
processing of the signals into digitized data representative of the measured
amplitude is carried out by a monitoring device in general proximity to the

sound transducers.

7. The method as recited in claim 6, and further comprising the step of
transmitting the digitized data from the monitoring device to a central
processing facility for performing the computational analysis on the digitized
data to determine the flow rate through said conduit.

8. The method as recited in claim 6, wherein the monitoring device
includes one or more amplification and filtration circuits for amplifying the
signal from each sound transducer and for removing extraneous noise prior
to the processing of the signals into digitized data representative of the

measured amplitude.

9. The method as recited in claim 6, in which the monitoring device is

powered by a battery that is continuously recharged by a solar panel array.

10.  The method as recited in claim 7, in which transmitting the digitized
data is accomplished by a radio frequency transceiver associated with the
monitoring device.

17
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11.  The method as recited in claim 5, in which communicating the flow
rate to said third party is accomplished through export of the flow rate to an
Internet web site accessible by said third party.

12. A method for monitoring fluid flow through a conduit and
communicating a flow rate to a third party, comprising the steps of:

detecting an amplitude of acoustic waves generated by fluid flow
through said conduit;

generating a signal representative of the detected amplitude;

transmitting the signal representative of the detected amplitude to a
monitoring device on a substantially continuous basis;

processing the signal into digitized data representative of the
measured amplitude;

performing a computational analysis on the digitized data to determine
the flow rate through said conduit based on the measured amplitude; and

communicating the flow rate to said third party.

13.  The method as recited in claim 12, in which communicating the flow
rate to said third party is accomplished through export of the flow rate to an

Internet web site accessible by said third party.

14. A method for estimating operational dynamics of a facility, comprising
the steps of:

positioning at least one monitoring device in proximity to and external
to each of a number of selected conduits of the facility, each such monitoring
device including at least one sound transducer for generating a signal
representative of acoustic waves generated by the flow of an energy
commodity through each selected conduit,

each monitoring device receiving such signals on a substantially
continuous basis and processing the signals into digitized data
representative of the acoustic waves;

processing the digitized data to determine a flow rate of the energy

commaodity through each selected conduit;
18
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estimating the operational dynamics of the facility based on the
determined flow rates; and

communicating information related to the operational dynamics of the
facility to a third party.

20 Mar 2009

15.  The method as recited in claim 14, in which each monitoring device
transmits digitized data representative of the acoustic waves to a remote
central processing facility for processing the digitized data to determine the
flow rate of the energy commodity through each selected conduit and
10 estimating the operational dynamics of the facility based on the determined

2004286209

flow rates.

16. The method as recited in claim 14, in which communicating
information related to the operational dynamics of the facility to a third party

15 is accomplished through export of such information to an Internet web site
accessible by said third party.

17. A method for providing information relating to fluid flow rate through a
conduit 1o a remote third party in substantlally real-time, comprising the steps
20 of:
positioning one or more sound transducers in proximity to and
external to said conduit, each said sound transducer generating a signal
representative of acoustic waves generated by the fluid flow through said
condulit;
25 collecting said signals from said one or more sound fransducers on a
substantially continuous basis;
processing said signals to determine the flow rate through the conduit;
and
communicating information refating to the flow rate fo said remote

30 third party on a substantially real-time basis.
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18.  The method as recited in claim 17, in which signals generated by said

one or more sound transducers are received and collected by a local

monitoring device and then transmitted from the local monitoring device to a

remote central processing facility for processing said signals to determine the
5 flow rate through the conduit.

20 Mar 2009

19, The method as recited in claim 17, in which said one or more sound
transducers are near, but not in physical contact with, said conduit.

10 20. The method as recited in claim 17, in which communicating

2004286209

information relating to the flow rate to said remote third party on a
substantially real-time basis is accomplished through export of such
information to an Intemet web site accessible by said third party.

20

COMS ID No: ARCS-228014 Received by IP Australia: Time (H:m) 15:21 Date (Y-M-d) 2000-03-20

22-




WO 2005/042984 PCT/US2004/034584

7
8

1

o
1

FIG.

16

IOA\,%
1013@ A
1oc/%

1/8

-23-




WO 2005/042984 PCT/US2004/034584

36a 36b 36n
-

34
34a 34b "

SOUND l SOUND N SOUND'
TRANSDUCER TRANSDUCER TRANSDUCER

o S

32

FIG. 2

2/8

-24-




WO 2005/042984 PCT/US2004/034584

FIG. 3

3/8

-25-




PCT/US2004/034584

WO 2005/042984

Upe

" ugy
STEOMIAN
ANITANY T m \ \
REEEAG MHDNASNYHL
8¢ ATLAITANY | ANNOS
. 1
Al 1l T || FALIHAANOD (6:40129) i AL TIA MHONASNVEL
i Ewmzé HOSSHOOud ary T MOXATILITINN < | ¥ALITANY aNNos
: / <
oﬂ s \ Q0¥ aye
42 | | warma |L AIINASNVIL| -
AT TINY aNnos

09

(

B0y

1

J

Bpe

4/8

-26-



PCT/US2004/034384

WO 2005/042984

911

/

(491

\

|

WVNDO¥d
FOVJ g9M

i
)

"EA«MO Odd |“

JLISAM
LANALLINI

(

Il

(A8

SINCT
ﬁl oudo¥Esd T

A0V L N1
ONISSEDOUd 1% gAvMOUDIN |

¢ 'DId

R

801

701 [%4

\ SHOMIAN |

HANITANYV]

STIOMLEN d

LA

201

NI'T
HIITIALVS

P01

Y

SNOILVIINNWINOD | «

001—

27-



WO 2005/042984 PCT/US2004/034584

4 (

o o

FIG. 6

230-

- 104

6/8

-28-




WO 2005/042984

1600

1400

1200

1000

A%

800

-t B

600 1t
'0

400

ACTUAL GAS FLOW (Mcfh)

200

0.2

04

SIGNAL AMPLITUDE

FIG. 7

/8

-29-

PCT/US2004/034584

+ SIGNAL AMPLITUDE
& SIGNAL AMPLITUDE FIT




WO 2005/042984

)

ACTUAL GAS FLOW (Mcfh

3000

N
[52]
o
o

2000

1500

PCT/US2004/034584

500

0.5

1

1.5

SIGNAL AMPLITUDE

FIG. 8

8/8

-30-

+ SIGNAL AMPLITUDE
4 SIGNAL AMPLITUDE FIT




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

